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SCHOOL OF MEDICINE

Department of Surgery
Division of Neurosurgery
James M. Markert, M.D.

March 11, 2013

Iddil Bekirov, Ph.D.
Science Officer

1053 Patchel Street

Fort Detrick, MD 21702
Iddil.bekirov(@us.army.mil

RE: DOD Award (11-1-0498) Annual Report
Dear Dr. Bekirov:

Thank you for your instructions and critique of our previously submitted
annual report. We appreciated the guidance you have given us on the
desired presentation of the annual reports. Since this is our first such
report, we were not familiar with many of these and have made the
adjustments as requested.

Specifically, to address the requests in our critique, we have cited the
figures within the text to support key research findings. The results of the
anti-tumor activity assays are now described in the body of the report, and
legends have been provided to the figures. All placeholder figures for data
that have not yet been collected have been removed. Figures now include
descriptive legends.

A request for a description of statistical analyses was previously absent and
now has been included with indicators of significance.

The western blots utilized in this study were for qualitative purposes only
and not quantitative. Specifically, we felt it important for the purposes of
this assay to include data utilizing the same number of cells for each blot.
Glyco-protein D is produced at extraordinarily high levels by our herpes
simplex virus, and thus, it is quite common in herpes simplex virology to
have relative over-expression of this protein while other proteins are

The University of Alabama at Birmingham
1060 Faculty Office Towerse 510 - 20th Street South
Birmingham, Alabama 35294-3410
(205) 975-6985 @ FAX (205) 975-3203



Page 2

expressed at much lower levels. This should explain the appearance of the
blots as presented.

Finally, the research report has been rewritten against project tasks in the
statement of work (SOW) and we have included additional analyses and
desriptions of the data obtained for each task.

Thank you very much for your understanding in this, our first attempt at
providing such a report for our DOD grant. Best wishes.

Sincerely yours,
\_ m@j"\

es M. Markert, M. D.

n Director, Neurosurgery

James Garber Galbraith Professor

Neurosurgery, Physwlogy and Pediamcs and Cell Biology
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The first year of our funding has been very productive and has led to new information regarding the
susceplibility of MPNST to oHSVs. We are currently testing 2 new hypotheses developed based upon the
first year of data and are pursuing a surprising ocbservation regarding the C134 and the M032 viruses and
their ability to maintain late viral protein synthesis in the infected MPNST cells. This is an unanticipated
finding that could only have been discovered empirically. These advances would not have been possible
without these DOD funded studies.

Our goals for this grant are summarized helow and include:

1)
2)

3)

To determine the molecular basis for the sporadic susceptibility or resistance to infection of MPNST
cells to genetically engineered, oncolytic herpes simplex viruses (oHSVs) in our repository;

To examine inherent mechanisms expressed in MPNSTs that inhibit the replication of cHSVs and
abrogate the ability of these viruses to kill infected cells and spread to neighboring tumor cells; and

To test the relative ability of our oHSVs to produce an anti-tumor effect alone and if this anti-tumor
effect can be significantly enhanced by a low dose of radiation administered to the tumor.

Thus far our work during the initial year of funding has focused upon the first 2 aims listed. Our progress
is summarized below and has been organized within the 4 major milestones listed in our Statement of work
and addressed with regard to each of the Tasks and SubTasks.

Milestone 1: We will identify at least 2 oHSV-sensitive and 2 oHSV-resistant MPNST cell lines

by completing the in vitro characterization of both human and mouse MPNST cell lines
with respect to oHSV infection and killing. We have preliminary analysis of 2 human and
two murine MPNST lines. They range from sensitive to resistant to oHSV infection and
killing. This milestone will provide the prototypic MPNST cell lines that will be studied
more extensively in all three aims.

Milestone 2: We will characterize each of the 9 human MPNST cell line and at ieast 18 of the

100+ mouse MPNST cell lines with regard to expression of HSV entry molecules
expressed on the cell surface. This milestone will enable us to determine whether
prevention of entry by down-regulation of appropriate receptaors is the reason for oHSV
resistance and, if so, whether we should define alternative receptors to which new oHSVs
could be targeted.

Milestone 3: We will characterize the replication of oHSVs in each of the oHS8V-sensitive and

oHSV resistant MPNST cells identified in Milestone 1 by FACS and by titering virus at
regular post-infection intervals. Within this context, we will establish the extent to which
replication is enhanced in infected MPNST cells by oHSVs engineered to express proteins
that directly promote virus replication. This milestone will allow us to select either the
HCMV IRS-1 or the constitutively activated MEK gene as the most appropriate insert to
overcome replication resistance.

Milestone 4: We will determine which of the ocHSVs identified as “effective” in the first two

aims of this proposal actually produce the expected anti-MPNST effect in oHSV-sensitive
and oHSV-resistant tumors of human or mouse origin placed orthotopically in the
appropriate strain of mouse (see below). Efficacy alone or in combkination with enhancing
adjunctive therapies will be defined. This milestone will serve fo validate (or refute) the
process for selection of effective oHSVs that could be advanced to clinical frials in
patients with MPNSTs and identify which modality is most likely to have an impact on the
natural history of this disease,

Task 1: Characterize the in vifro sensitivity of a panel of human and mouse MPNST cell lines to a

panel of available oncolytic HSVs.

SubTask 1a. Using methods that we have described in Preliminary Findings in the
Proposal, we will complete the screening of all 8 human MPNST cell lines and at least 18 of
the 100+ mouse MPNST cell lines using FACS for detection of expression and modulation of
HSV entry molecules (nectin-1, nectin-2) and alternative entry molecules (HVEM, IL13Ru2,
uPAR, Her2/neu) recognized by fluorochrome-labeled antibodies.




Status: During the first year of funding, we examined whether the expression levels of the three
principal HSV entry receptors (CD111, CD112, HVEM) correlated with viral recovery in the human MPNST
tumor cell lines. Receptor expression levels were measured using antibodies against these major HSV
entry molecules nectin-1 (CD111), nectin2 (CD112) and HVEM by immunofluorescence microscopy and by
flow cytometry. The MPNST cell lines demonstrated greater nectin-2 surface expression than nectin-1
surface protein. While a peripheral blood leukocyte positive control sample stained with the antibody against
HVEM, none of the human MPNST tested lines expressed HVEM based upon flow cytometry and
immunofluorescence. The relative surface expression of Nectin 1 and Nectin 2 was then compared with
viral recovery data as represented in Figure 1. The results show that surface expression of nectin 1 and 2

Viral Recovery (M2001) vs Nectin-1 MFI Viral Recovery (M2001} vs Nectin-2 MFI
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Figure 1 Comparison of Viral Recovery to Relative Receptor Expression. Nectin 1, Nectin 2 and
HVEM receptor surface expression was measured for 7 of the MPNST cell lines and compared to
CHO cells to determine the relative receptor expression. HVEM receptor expression was
detectable in the lymphocyte positive control sample but was undetectable in the MPNST cell
lines. The results show that viral recovery data does not directly comrelate with relative Nectin 1
or Nectin 2 surface expression.

did not correlate directiy with viral replication in these cell lines.

Meock

Nectin-1-Lenti

This suggests that entry molecule surface expression is
not a rate-limiting step in viral infection in the MPNST celi lines.
To further test this hypothesis, however, we created a lentivirus
that expresses the human nectin-1 gene and have transduced
both murine and human cell lines fo test this hypothesis. The
Lentivirus was created by PCR amplifying the human Nectin-1
coding domain (including the signal sequence) from a validated
¢DNA clone (Open. Biosystems) and inserting it into a lentiviral
targeting vector, pCK2015. This targeting vector contains the

B9s §

Nectin-1 coding domain followed by an internal ribosomal entry
sequence and the puromycin resistance gene. We created the
Nectin-1 Lentivirus by co-transforming pCK2015 with plasmids
encoding the VSV envelope and accessory vector in 293-T
cells and collecting the supernatants 48h post-transfection. The
MPNST cells were incubated with these supematants and as
demonstrated in Figure 2, the lentiviral-transduced cell lines
express abundant immunoreactive nectin-1 on their surface.
Studies are currently ongoing to determine: 1). If increasing
nectin-1 surface expression improves viral entry, 2) if
increasing nectin-1 surface expression improves oHSVY
replication in MPNST cells, and 3) if oHSY entry and gene
expression downmodulates lentiviral nectin-1  surface

Figure 2 Immunofluorescence microscopy
in 2 MPNST cell lines {A382 and B96) using
antibody against Nectin 1 {Beckman
Coulter, IM3451) in mock transduced (Left
panels) and Nectin-1 expressing lentivirus
transduced samples {Right panels). Greater
Nectin-1 surface expression is detected in
the lentivirus transduced cells. This has also
been confirmed by flow cytometry studies.
We have created 4 high Nectin-1 expressing
MPNST cell lines thus far and will use them
to test if increased nectin-1 expression
improves viral entry and replication.




expression similar to that shown for native nectin-1 during infection.

SubTask 1b Using methods that we have described in Preliminary Findings in the
Proposal, we will complete the screening of all 9 human MPNST cell lines and at least 18 of
the-100+ mouse MPNST cell-lines using-oHSVs-that express-eGFP-for detection of infection
and cell death using FACS.

Status: We are starting these studies and have examined some of the cell lines as shown later in
the progress repart in Subtask 1

SubTask 1c. Screen each of the 9 human and 18 mouse MPNST cell lines for sensitivity to
infection and killing by clinical candidate viruses G207, NV1020, M032 and C134 using
classical virology techniques to measure cytopathic effect on monolayers, single step and
multi-step replication assays .

Status: Over the past year, we focused on the in vitro characterization of the MPNST cell lines. We
have tested 7 recombinant HSVs (4 of which are available as clinical grade virus}, in 7 of the 9 human
MPNST cell lines and 16 of the 18 murine MPNST cell lines proposed. The results of these studies are
based upon increasing susceptibility / support for replication in the MPNST cell fine (Figures 1 and 2). In
order to finalize this milestone, we will test 2 additional human and 2 additional murine MPNST cell lines
that Dr. Carroll's laboratory will supply to us.

Thus far we have detected a 100,000 fold (5 log) difference in viral replication between the least and
most susceptible cell lines with our recombinant viruses (Figure 3). Of the murine MPNST cell lines, the
A382 cell line is the least hospitable to viral replication. The oHSVs generate only ~10° (plaque forming
units) pfu in single step replication assays in this cell line. Following the A382 cell line, the B91 cells are the
second most restrictive cell line for three of the GLP quality oHSVs (G207, M032, and C134) whereas the
A387 cell line is mare restrictive to R7020 replication. With regard to murine MPNST cell lines that support
viral replication, the 231 Trig and the A18 cell lines produced the highest overall viral recovery (10% PFU/ml).

Viral Recoveryin Murine MPNST cell lines
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Figure 3: Summary of viral recovery studies in murine MPNST cell lines in order of
least to greatest viral recovery. * denotes oHSVs with clinical grade virus available



For the Human MPNST cell lines, the choices for cell lines are more limited (7 cell lines tested).
Most of the cell lines have been transduced to stably express jgciferase (Luc). The most restrictive human
MPNST cell lines to date are the T265T-LUC and S26T. These cell lines limited viral replication such that
only 10'-10° PFU of virus is produced following single step replication assays. The most susceptible human
cell line was the S462 cell line which generated ~10710° pfu for all of the viruses tested. ldentification of the
second most susceptible cell line-was - more-complex. Depending-upon the-virus used,-certain cell lines were
more permissive than others in these assays (Figure 4). For two of the clinical grade oHSVs (R7020 and
C134), the YST-1 cell line produced the greatest amount of virus (7.7x10° and 9.3x10%fu). For the G207
and M032 oHSVs, NMS2PC was the next most susceptible cell line producing 4.33x10° pfu and 2.07x10°
pfu, respectively.

We have also provided a summary of the MPNST susceptibility to oHSV anti-tumor activity based
upon two independent assays (alamar blue and virus induced cytopathic effect [CPE)] These studies are
ongoing and show that late viral protein synthesis and regulation of protein synthesis initiation limits some of
the oHSVs to replicate in the tumor cells. Viruses that are capable of enhanced late viral protein synthesis,
as demonstrated by gD protein production in infected cells on the whole replicate better than those that
undergo translational arrest, which is a common antiviral response in infected cells. It has been well
described (Mohr, 1995, Cassady 1998, Cassady 2005, Shah 2006) that viruses capable of evading this host
translation shutoff response synthesize greater amounts of late viral proteins and replicate better than
Ay134.5 recombinant viruses incapable of blocking this anti-viral response. It is therefore not surprising that
the R7020 and C134 recombinant, both of which contain PKR evasion genes (R7020 a single copy of the
v134.5 gene, and C134 the HCMV IRS1 gene), synthesized late viral proteins and replicated better than two
of the Ay134.5 viruses tested {C101 and G207) in MPNST cell lines. Immunostaining studies show that the
R7020 and C134 recombinants evaded this host antiviral response whereas the two Ay,34.5 recombinants
(C101 and G207) without PKR-evasion genes were incapable of blocking translational arrest as indicated
by phospherylation of elF2a.

Composites of the viral recovery resuits for all of the cell lines are provided in Figures 3 and 4.
These allow comparison between the cell lines. In addition to this broad overview of all of the results, we

have also
included the
Viral Recovery in Human MPNST Cell Lines results  from
MOI=10, 24 hpi viral replication
1.5+09 (multistep
B T265-luc replication
1.5+08 studies with
CPE  images,
1.E+07 W S267 single step
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1.E406 m 88-14-luc resuits with
: .
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in Figures 5-41.
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Figure 4: Summary of viral recovery studies in human MPNST cell lines in order of
least to greatest viral recovery. * denctes oHSVs with clinical grade virus available
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Fgure 5: Composite of A382 murine MPNST cell IIne in vitro stkdies. A
Multistep Replication Study using a low muitiplidty of infection (MOl 0.1
plague foming unit’cel) {PFU/cell). Vira!l recovery data shown at 24/ 48/ 72hpi
with standard deviation (SD). B. Photomicrographs demonstrate cytopathic
effect (CPE) in multistep replication study (24hpi) for all oHSVs tested on
A382 cells (100X mag). C. Single-step replication study using a high MOL {10
PFU/cell}. viral recovery data (24hpi) shown with SD. D. Photomicrographs of
cytopathic effect at high MOI for all oHSVs fested on A382 cells (density of
1.5e5 cellsfwell 100X magnification).

Summary and Analysis (A382)

The A382 line is one of the more
restrictive -—cell- —lines— - to - HSV
replication. Even wild-type HSV
encoding the GFP gene replicates
poorly in this MPNST generating
only 10* PFU on D1-3 post infection.
The clinical grade viruses (G134,
M032, G207, R7020) produce 10-
100x less virus than wild-type in
single step replication assays.
(Figure 5A) At high MOI the cells
exhibit early CPE(Figure 5B, D).
C134 exhibits nc  replication
advantage over Hs Ay.34.5 parent
virus (C101) in this cell line. The
multistep replication studies are
incomplete but based upon the
single step replication studies, the
cell line is highly restrictive to the
clinical grade viruses({Figure 5D). As
discussed below, this cell line is
restrictive to HSV replication and we
intend to further investigate this cell
fine as one of the two restrictive
murine cell lines in future studies (as
discussed in sub-task 1d)
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Figure 6: Canposite of A382 murine MPNST cell Iine in
vitro studies. A. Alamar Blue cell viabilty assay
comparing clinical grade cHSVYs {and the non-dintcal grade
oHSY M002) antitumor effect at 72hpi. B. Alamar Blue call
viabllity assay comparing nondinical grads oHSVs C101
(A1 34.5) v, M2001 (wi) at 72hpi. €. Immunosiaining
studies demanstrating synthesls of late gene product
{glycoprotein D), phosphorylated and total elF-2a along with
B-actin protein lcading contrals at 12hpi {left panel)} and
24hpi (right panel).

Summary and Analysis (A382 cont'd.)

Consistent with the CPE images shown in
the prior figure, there is evidence of cell killing
by Alamar blue assay. There is no difference

in A382 cell killing between R7020, C134,
M0O02 or MO032). Alamar blue assay,
however, shows that M2001 (wild-type HSVY
expressing EGFP) is more effective than
Ay34.5 viruses at killing the A382 cell
line(Figure 6A,B).

Western blot images (Figure 6C) show
that viruses that in other cell lines are capable
of PKR evasion (R7020, M2001, C134) at
12hpi synthesize greater gD at 24hpi. In
addition the M002 virus also accumulates gD.
M032 is incomplete based upon less protein
loading as shown by actin staining. While
elF2a. staining is interpretable in the 12h
samples, by 24hpi there is no staining
detected in any of the virus infected samples
(total or phosphorylated). At this time, we do
not know if this is a technical limitation with
sample preparation or if this is a due to loss of
elF2a in infected cells. The presence of
elF2¢ in the mock sample suggests that this
is due to loss of the protein in infected cells.

Conclusion: This is one of the more
resistant mouse cell lines tested and we
intend to use this as one of the two resistant

mouse cell lines for future studies. Of particular interest is the change in the protein synthesis

phenotype and the elF2a changes in infected cells.
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Figure 7: Composite of AJ&7 murine MPNST cell line in viro studies. A.
Multistep Replication Study using a low muitiplidty of infection (M3I1: 0.1
plaque forming uniticell) (PFU/cell). Vimal recovery data shown at 244 48/ 7.2hpi
with standard deviation {S0). B. Photomicrographs demonstrate cytopathic
effect {CPE) in multistep replication study (24hpi) for all oHSVs tested on
A387 cells (100X mag). C. Single-step replication study using a high MOl (10
PFU/cell). viral recovery data (24hpi) shown with SD. D. Photomicrographs of
cytopathic effect at high MOI for all oHSVs tested on A387 cells {density of
1.5e58 cellsfwell: 100X magnification).

Summary and Analysis
(A387)

A387 does not support efficient
HSV replication. In contrast to the
previous cell line however, M002
replicates as well as M2001 and
exhibits a similar replication
kinetic as M2001(Figure 7A,C).
The cells round lose contractility
and form clumped spheroid forms
during HSV infection as shown in
the early CPE images(Figure 7B).
Of note the cells also form these
rounded structures during growih

‘in cell culture making it difficult to

establish a uniform and
reproducible infection resulis in
vitro and test-retest reliability.
This may limit the interpretation of
subsequent studies such as
western blotting and alamar blue
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Figure 8: Camposite of A387 murine MPNST cell line in
vitro studies. A. Alamar Blue cell viabilty assay
comparing clinical gradse oHSVs {and the non-dinical grade
oHSV M002) antiturnor effect at 72hpi. B. Alamar Blug cell
viability assay comparing nondinical grade oHSVs C101
(Ay1 34.5) vs. M2001 (wt) at 72hpi. €. Immunostaining
studies demonstrating synthesis of late gene product
{aiycoprotein D), phosphorylaied and total eiF-2a along with
f-actin protein lpading controls at 12hpi {left panel) and
24hpi{right panel).

Summary and Analysis (A387 cont'd.)

In alamar blue studies the M002 and M032
(murine and human [L-12 expressing viruses)
produced paradoxical results (Figure 8A,B).
Whereas M002 (along with R7020) produced
the greatest cell killing in alamar blue cell killing
assays, M032 performed the worst.

Immunostaining studies show that the y,34.5
containing viruses (R7020 and M2001) are
capable of producing appreciable gD after high
MO! infection (Figure 8C). 1t is also interesting
that in the M2001 and R7020 infected samples
there is loss of actin staining over the initial
24hpi. C134 infected cells also exhibit loss of
actin staining.
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FAgure 9: Composite of A202 murine MPNST cell fine in vitre studies. A
Multistep Raplication Study using a low multiplidty of infection (MOI: 0.1
plague faming uniticall) (PFUIcel). Vil racovery data shown at 247 487 72hpl
with stsndard deviation (SD). B. Pholomicrographs demensirate cytopathlc
effact (CPE) In mullistep replication study {24hpi) for all oHSVs tested on
A202 cells (100X mag). €. Single-step replication study using a high MOI (10
PFU/fcall). viral recovery data (24hpi) shown with SD. D. Photomicrographs of
cytopathic affact at high MOI for all oHSVs fested on A202 cells (dansity of
1.585 cellsiwall;100X magnification).

Summary and Analysis (A202)

Most of the viruses tested were capable of
sustained replication over the initial 72h of
infection. The two viruses incapable of

sustained re'plication {C101 and G207) were the
prototypical Ay,34.5 viruses. M2001 replicated
the best followed by M00Z. The M032, C134
and R7020 viruses exhibited similar replication
patterns(Figure 9A,C)

CPE images reveal that M2001 produced
the greatest early CPE. While C134, MO0O02,
G207, and R7020 also induced cytopathic
changes. In contrast, M032 and C101 infection
did not elicit significant cytopathic effect (Figure
9B,D).

Conclusion: the A202 cell line is considered
resistant to HSV replication and cytopathic
effect. We intend to further study this line as
one of the 2 resistant murine cell lines. We have
chosen it because there is differential replication
of the Ay;34.5 viruses in this cell line.
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. Figure 10: Composiie of A202 murine MPMNET cell iine in
vitro studies. A. Alamar Blue cell vizbility assay
comparing clinical grade oHSVs {and the non-dinical grada
oHSV M002) antitumor effect at ¥2hpi. B. Alamar Blue cell
viability assay comparing nondinical grade oHSVs C-101
{Ay1 34.5) vs. M2001 (wi) at 72hpi. €. Immunostaining
studies demonstrating synihesis of late gene product
{glycoprotein D}, phosphorylated and total elF-2a along with
f-actin protein loading controls at 12hpi (left panel} and
24hpi{rightpanel).

Summary and Analysis (A202
cont'd.)

Alamar Blue studies are difficult o
interpret. No killing is seen by M002 and
M032 (Figure 10A,B). The remaining
viruses shows some Kkiling at low to
moderate MOI, but none at high MOI.
Our working hypothesis is that the this
MPNST cell line has aberrant redox
properties that limit the alamar blue
assay and render it uninterpretable.

Immunostaining studies (Figure
10C) show that the y434.5 containing
viruses (R7020 and M2001) accumulate
the greatest gD. In the revised image,
the actin staining shows similar loading
between samples, The p-elF2a studies
show that C134 is incapable of PKR
evasion in this cell line based upon
limited gD production and the presence
of p-elF2c.

As discussed previously (Figure 9), we
intend to further study the A202 celt line
as one of the two resistant murine
MPNST cell lines. Of particular interest
is its metabolic profile and whether this
may alter interpretation of the alamar
blue cylotoxicity assay. The cell line is
also interests us because of the C134
virus phenotype in this cell line.
Preliminary results show that C134 acts
similar to its parent virus (C101) in
certain assays (p-elF2o and gD
immunostaining studies) but is capable

of sustained replication in the multistep replication studies unlike C101.
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Figure 11: Composite of B91 murine MPNST cell Ine s vitro studies. A.
Multistep Replication Study using a low multiplicly of infection (MO 0.1
plaque forning unitcel) (PFU/cell). Viral recovery data shown at 247 48/ 72hpi
with standard deviation (SD). B. Pholornicrographs demonstrate cylopathic

effect (CPE) In multiskep replication study {24hpi)for all oHSVs tested on B91 -

calls (100X mag). C. Single-step replication study using a high MO! {10
PFUcell}. viral recovery data (24hpi) shown with SD. D. Photomnicrographs of
cylopathic effect at high MO! for all oHSVs tested on B91 cells {density of

1.5e5 cellshwell:100X magnification).

Summary and Analysis (B91)

The y,34.5 containing viruses (R7020
and M2001) replicate best in B91 cells
(Figure 11A,B). Of the Ay134.5 viruses
(M032 and MO02) replicate better

than G207, C101 or C134. The
chimeric HSV  replicates  only
marginally better than its Ay,34.5

parent virus C101. This cell line is
considered resistant to HSV
replication and to early viral cytopathic
effect (Figure 11C) based upon the
muitistep replication studies. In high
MOI infection there is evidence of
early CPE indicating that it is possible -
to overcome this resistance.

Canclusion: This is another resistant
muring cell line (similar to A202)
where the clinical grade viruses
exhibit differential replication profiles
and may be of interest in future
studies.
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Figure 12: Composite of B3t murine MPNST cell line in
vitro studies. A. Alamar Blue cell viabilily assay
comparing clinical grade oHSVs (and the non-dinical grade
oHSV M002} antitumor effect at 72hpi. B. Alamar Blue cell
viability assay comparing nondinical grade oHSVs €101
{dy1 34.5) vs. M2001 (wi) at 72hpi. €. Immunostaining
studies demonsirating synthesis of lalte gene product
{glycoprotein D), phosphorylated and total elF-2a along with
f-actin protein loading controls at 12hpi {lefi panel) and
24hpi{rightpanel).

Summary and Analysis (B21 cont'd.)

Despite significant differences in viral
replication and CPE, Alamar blue
measurement of cell viabilily showed no
difference between the recombinanis
tested (Figure 12A). Even more surprising
there was no difference detected between
wild-type and Ay;34.5 virus {Figure 12B) .

Western blots (Figure 12C) show gb
accumulation only in the y434.5 containing
viruses (M2001 and R7020). Also
surprising was presence of p-efF2a in
infected and uninfected B91 cells (12hpi).
This suggests that the y434.5 containing
viruses were still capable of late viral
protein synthesis. The 24hpi images are
difficult to interpret and show differential
loss of actin staining suggestive of loss of
viable cells in some samples. This is
especially evident in the M2001 samples
where ther is loss of gD staining and actin
suggestive of overall cell loss secondary to

‘cytopathic effect. The C134 virus acts

similar to the C101 parent virus in this cell
line with limited gD accumulation and
lower viral replication.
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Figure 13: Composite of B96 murine ¥MPNST celi ins in vitro studies. A.
Single-step replication study using a bigh MO! (10 PFUfcell). viral recovery
data {24hpi) shown with SD. D. Fhotomicrographs of cytopathic effect at high
Mal for all oHSVs lested on B96 cells {density of 1.5e5 cellsiwell: 100X
magnfication). €. Immunostaining siudies demonstraiing synfiesis of late
gens product (glycoprotein D), phosphorylated and total elF-2a along with B-
actin protein loading controls at 12hpi (left panel)and 24hpi (right panel).

Summary and Analysis (B96)

The B96 murine MPNST line,
provides an intermediate replication
environment for HSV (in single step

replication studies) (Figure 13A).
The 7v434.5 containing viruses
(M2601, R7020) replicate the best
in these cells with M2001 replicating
the best. The M002, M0O32, and
C134 recombinants replicate
similarly in this cell line with G207
and C101 replicating the poorest.

Early cytopathic effects are
seen in all cell lines at high MQI
(Figure 13B).

Immunostaining studies (Figure
13C) show inconsistent gD, actin
staining at 12-24h likely related to
cell loss and CPE (as shown above
in figure 13b).
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Figure 14: Composite of B86 murine MPNST celiline in vitro studias. A,
Single-step replication study using a high MOl (10 PRU/eell). virai recovery

data (24hpl} shown with SD. D. Pholomitracsaphs of cytopathic effect at hign -

MOl for all oHSVs tested on B86 cells. {density of 1.5e5 cellsfwaiiiX
magnification). €. Immunostaining skidies defroneiraing syoingsis OfF laie
gene product (glycoprotein D), phosphorylated 2na fofal elF-2a aiong with B-
actin protein loading controls at 12hpi (ieft panel) 2and 245pi {riait pangai).

Summary and Analysis (B86)

The B86 MPNST cell line similar
to B96 provides an intermediate
replication environment for HSV
(Figure  14A).  Again, M2001
replicates the best in this tumor line.
In contrast with the B96 cell line
discussed above (Figure 13), M002
and M032 replicate better than the
R7020 (y134.5 single copy)-
recombinant. C134 and C101
exhibit the lowest replication of the
viruses tested in spite of its ahility to
synthesize similar levels of gD as
M032 at 24hpi (Figure 14C). Again,
early cytopathic effect is seen with
all viruses at high MOI (Figure 14B).
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Figure 15: Composite of BS7 murine MPNST cell ne in vitro studiss. A.
Multistep Replication Study using a low mulliplicty of infeciicn (MOl 0.1
piaque forning unitfcell) (FFU/cell}. Viral recovery data shown at 24/ 48/ 72hpi
with standard deviation (SD). B. Fhotomicrugraphs demonstrate cytopathic
effect (CPE) in multistep replication study (24hpi)for all oHSVs tested on B97
cells (100X mag). C. Singlestep replication siudy using a high MOl (10
PFUcell). viral recovery data (24hpi) shown with SD. D. Photomicrographs of
cytopathic effect at high MOt for all oHSVYs iested on B97_cells (density of
1.5e5 cellsiwe!l 100X magnification).

Summary and Analysis (B97.)
The B97 MPNST cell line produces
the highest differential replication
rates between the v434.5 and
Ay.34.5 viruses tested (100,000x fold
difference hetween C101 and M2001

in  multistep replication assays)
(Figure  15A,C). The  v,34.5
containing viruses (R7020 and

M2001) produce early CPE at low
and high MOI (Figure 15B,D). The
Ay434.5 recombinants only produced
significant CPE at high MO! in this
cell line. C134 replicates better than

its parent virus C101 in this cell line

but the M032 and MQ002 virus
replicate better than C134.
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Figure 16: Composite of BS7 murine MPNST cell
fine in vitro studies. A. Immunostaining studies
demonstating synthesis of late gene product
(glvcoprotein D), phosphorylated and total elF-2a
along with B-aclin protein loading controls at 12hpi
(lefipanel) and 24hpi (right panel).

Summary and Analysis {(B97 contd.)
Immunostaining studies (Figure 16A) are
interpretable for the 12h timepoint and show gD
accumulation only in the MZ2001 and R7020
samples. Despite their improved replication over
C101, the M002, M032, and C134 samples show
no significant accumuiation of gD suggestive of
protein shutoff. The p-elF2a. staining also suggests
this. The total elF-2a staining is uninterpretable.
There is differential actin staining which when
combined with the replication data in Figure 15
suggests that there is greater cell loss in the
R7020 and M2001 samples than in the mock and
Ay,134.5 infected cells.



B108 Viral Recovery (MOI=10)
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Figure 17: Composite of B109 murine MPMST cell ine in vitro studies.
A, Single-step replication study using a high MQI {10 PFUeil). viral recovery
dala {24hpi) shown with SD. D. Photomicrographs of cytopathic effect at high
MOt for alf oHSVs tested on B10S cells {denslty of 1.5e5 cellsiwell:100X
magnification). €. Immunostaining stidies demonstrafing synthesis of late
gene product {giycoprotein D), phospharylated and total elF-22 at 12hpi (left
panelyand 24hpt (right panel).

Summary and Analysis (B109)

The murine B109 MPNST cell line
supports HSV replication. As is true for
all the cell lines, M2001 replicated best.
The I[L-12 expressing viruses (MO002,
M032) and the single y,34.5 copy virus
{R7020) were the next best replicating
recombinants  (Figure 17A). C134
replicates similar to its parent virus C101
in this cell line suggesting that it is
restricts the [IRS1 PKR evasion (as
shown by p-elF2a staining and the lack
of appreciable gD accumulation in panel
C, (Figure 17C)). All viruses exhibited
early CPE at high MOI (Figure 17B).
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Figure 18: Compaosiie of A292 murine MPNST cell iine in virrs studizs.
A. Multistep Replication Study using a low multiplicity of infection (MGI: 0.1
piague foming unitf/cell) (PFU/cell). Vil recovary data shown at 244 4B/ 72hpi
with standard deviation {SD). B. Fhotomicrographs demonstrate cytopathic
effect {CPE) in muitistep replication study (24hpi) for all oHSVs te2sed on
A2492 cells (100X mag). €. Single-step replication siudy using a nigh MOI {10
PFli/celf). viral recovery data (24hpi) shown with SD. D. Pholomicrographs of
cytopathic effect at high MOQI for all oHSVSs tested on A282 calls (dPnsny of
1.5e5 cellsiwell 100X magnificaiion).

Summary and Analysis (A292.)

The A292 murine MPNST celi line
supports HSV replication.
Recombinant viral replication

approaches that of the wild-type-GFP
virus M2001. The MO032 virus
replicates betier than the single copy
v134.5 virus R7020 and C134 (Figure
18A.B). In the early CPE images, the
C134 infected cells show the greatest
CPE of the non-M2001 samples. It is
interesting that in muitistep replication
studies, in contrast to the other viruses
tested, it is the only recombinant
incapable of increasing virus recovery
over time (Figure 18A)




Summary and Analysis ({A292
cont'd.)

In immunostaining studies (Figure 19A)
the viruses initially synthesize gD (of

Figure 19: Composite of A292 muring MPNST
cell fine in vio studies. - A. Immunostaining
studies dermnonstrating synthesis of late gene product
{glycoprotein - D), phosphorviated and total elF-2a
along with B-actin protein loading conimls at 12hpi
(leftpanel}and 24hpi{right panel). :

note, G207 praduces the least of the
viruses in the 12h samples). By 24h
however, the C134 virus produces less
gD, similar to G207. Immunostaining
for p-elF 2« at 12hpi shows that there is
baseline phosphorylation in uninfected
A292 cells but that the v434.5
containing virus infected cells (R7020
and M2001) there is less p-elF-2a
.detec:teq.
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Summary and Analysis (A390)

In preliminary single step replication
studies, the viruses tested replicated
within 100x of one another(Figure 20A).
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Figure 20;: Composite of A390 murine MPNST cell ine in vitro studies.
A, Single-step replication study using a high MOl (10 PFU/cell). viral recavery
data (24hpi) shown with SD. D. Photomicrographs of cytopathic effect at high
MO! for all oHSVs tested on A390 celly (density of 1.5e5 cellshvell 100X
magnification).

The M2001 produced a significantly
greater amount of virus followed by
M032, MQO0Z and R7020. G207
produced the least amount of virus.
C134 and C101 produced virus at an
intermediate level between G207 and
R7020). All of the viruses produced
early cytopathic effect at high MOI.
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Figure 21: Composite of A390 murine MPNST cell fine in

vitro studies. A. Alamar Blue cell

viability assay

comparing clnical grade oHSVs (and the non-dinical grade
oHSVY M002) antitumor effect at 72hpi. B. Alamar Blue cell
viability assay comparing hondinical grade oHSVs G101

(Ay1 34.5) vs. M2001 {wi} at 72hpi. C.
studies demonsirating synthesis of late

Immunostaining
gene product

{glvcoprotein D), phosphorylated and total elF-2o aleng with
R-actin protein Ioading controls at 12hpi {left panel) and

24hpi (right panel}.

Summary and Analysis (A390 coni’d.)

Alamar blue cytofoxicity studies were
inconsistent with the CPE analysis and
replication based studies, showing viability
in the 60-90% range at 72 hpi. C101 shoed
early CPE exceeding M2001, which is an
uninterpretable result. (Figure 21A,B).

The immunostaining studies (Figure
21C) showed the greatest gD accumulation
in the M2001 and R7020 infected cells.
There was baseline elF2a phosphorylation
detected in A390 MPNST cells. HSV
infection did not appear io alier the
accumulation aof elF2a accumulation.



A Summary and Analysis {A381)

A391 Viral recovery (MOI=10) The A391 MPNST cell line is

;Zﬁﬁf sensitive and supports HSV

1 00406 replication. All of the viruses tested
B 1006405 were capable of generating >10°
B 1.006408 1 PFU in single step replication
"2 1005403 assays (Figure 22A) with CPE at 24
< 1 oost02 hpi (Figure 22B) at high MOI.
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. immunostaining studies (Figure

22C) showed greater gD
accumulation in the M2001 and
R7020 infected cells (consistent
with the replication data), and p-
eilF-2a in the Ay134.5 viruses,
particularly at 12h.
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Figure 22: Composite of A391 murine BPMST cell ine in vitio siidies.
A. Single-step replication study using a high MQI (10 PFUIcell). viral recovery
| data (24hpt) shown wifi SD. D. Photomicrographs of cytopathic aifect ai kigh
“| MOt for all cHSVs tested on A391 cells {density of 1.5a5 cellshvsll:1G0X
magnification). €. Immunostaining studies: demanstrafing synthesis of late
gene product (glycoprotein D), phosphorylated and total elF-2a 2iong with B-
‘actin protein loading conirols at 12hpi {left ganel) and 24 hpi {right pane!).
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Fgure 23: Coraposite of BTE murine MPNST cell fine in virro stixiies, A
Single-step replication study using a high MOI (10 PFU/cell). viral recovery
data (24hpi) shown with SD. D. Pholemicrographs of cytopathic effact at high
MOl for al oHSVs tested on B76 cels (depsity of 1585 calisivel:100X
magnification). €. Immunoslaining siudies demonstraling synthesis of lete
gena product (glycoproteln D), phosphorylated and total alF-2e along with B-
attn protaln loading contrals 2t 12hpl (lef panel) and 24hpl {right panel.

Summary and Analysis {(B76)

The B76 MPNST cell line supports HSV
replication and shows differential replication of
Ay134.5 viruses (Figure 23A). Of the Ay,34.5
viruses tested, M002 and MO032 replicate best.
C134 only generates 10° pfu and behaves similar
to its parent virus C101 and G207 in the B76 cell
line. The replication of M002 and M032 does not
appear to be an elF2¢ dependent phenotype.
Immunostaining {Figure 23C} shows the greatest
gb accumulation in the M2001 and R7020
infected samples. The M002, M032 and C134
infected samples show evidence of elF2a
phosphorylation at 12hpi and less gD
accumulation than the M2001 and R7020
infected samples, yet viral replication differs by
10x between these Ay,34.5 viruses.
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Summary and Analysis (231-Trig)

The 231-Trig cell line is an HSV sensitive
murine MPNST that supporis clinicai grade
virus replication. MO032 replicates similar to
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Figure 24: Composite of 231-Trigeminal murine MPNST cell line in vitro
studies. A, Multistep Replication Study using a low multiplicity of infection .
{MOL: 0.1 plague foming uniticel) (PFU/cel]). Viral recovery data shown at 244
481 72hpl with standand deviation (SD). B. Photomicrographs demonstrate
tytopathic effact (CPE) in multistep replication siudy 24hpi) for all oHSVs
{estad on 231-Trlg cells (100X mag). C. Single-step replication study using a
high MOI (10 PFUfcall). viral recovery data (24hpi) shown with SD. D.
Photomicrographs of cytopathic effect at high MO for all oHSVs tested on

231-Trig cells {density of 1.5e5 cellshvell 100X magnification)

M2001 in multistep and single step replication
assays generating 10’ PFU in both assays.
The 231-Trig line supports efficient viral
replication, including C101. It is most
restrictive to G207 growth (Figure 24A,C).

In ferms of early cytopathic effects (Figure
248,D) minimal cytopathic effects were seen
when low MOI was used, and all viruses
produced cytopathic effects at high MOI.

Conclusion: The 231-Trig MPNST cells
are a sensitive cell line. We intend to include
this as one of the 2 oHSV sensitive MPNST
cell lines in future studies as described in
Subaim 1d.
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Figare 25: Composite of 231-Trigeminal muring
MPNST cell Ine in vitro studies. A
Immunostaining studies demonstrating synthesis of
late gene product {giycoprotein D), phosphorylated
and total elF-2a along with B-actin protein loading
controls at12hpi (efipanel) and 24hpi {right panel).

Summary and Analysis (231-Trig cont'd.)

All of the viruses fested produce abundant gD
in the 231-Trig cell line In terms of early cytopathic
effects (Figure 25A) minimal cytopathic efiects
were seen when low MOI was used, and all viruses
produced cytopathic effects at high MOI.. M2001,
M002, and M032 produce the greatest gD at 24hpi
followed by C134. There is no evidence of p-eiF2u
in the samples at 24hpi consistent with the
permissive late protein phenotype of this cell line.

Conclusion: We intend to include this as one of
the 2 oHSV sensitive MPNST cell lines in future
studies as described in Subaim 1d.
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Figure 26: Composite £f A18 murine MPMST cail fivie in vitro Siudies, A,

Muitisten Replication Study using a low multiplidty of Infeciion (MO) 0

plaque farming unit/cell) (FFL/cell). Vil recoveary data shown ai 247 48/ 720pl '

with standard daviation (SD). 8. Photornicrographs demonstrate cyiapathic
effect (CFPE) in multistsp renlication study (24hpl}for all oHSVs tested an A1E

*Summary and Analysis (A18)

The A18 cell murine MPNST cell
line is also sensilive fo HSV
infection and replication. Unlike the
231-Trig line, however, there is
greater replication variation between
Ay134.5 viruses in this cell line. Of
the Ay434.5 viruses tesied, the
MO002, MO032, and C134 viruses
replicate the best (Figure 26A,C).
The R7020 replicates well but
initially produces less virus than the
chimeric and [IL12 containing
viruses. The prototypical Ay434.5
viruses (G207 and C101) that
induce protein shutoff in non-
MPNST cell lines generate the least
amount of virus in this cell line in
multistep replication assays.

In terms of early cytopathic
effects (Figure 26B,D) minimal
cytopathic effects were seen when
low MOI was used, and all viruses
produced cytopathic effects at high
MOL.

Conclusion The A18 cell line will
be one of the 2 sensitive murine
MPNST cell lines that we will use in
future studies because it shows a
greater differential effect on Ay134.5

cells (100X mag). €. Singlestep replication sudy using-a-high MOI {30
© PFUIcell). viral recovery data (24hpi} shown with SD. I Photomicragraphs of

cytopathic effect at high MOl for all uHSVt; tested on A48 cells (densiiy af

1.5e5 cellsfwell 100X magmﬁcahnn}

replication.
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Figure 27: Composite of A18 murine MPHST ceil fine in
vitro studies. A. Alamar Blue cell viabiliiy assay
comparing clinical grade oHSVs {and the non-dinical grads
oHSV M002) anfitumor effect at 72h0i. B. immunostaining
studies demonstrating synthesis of late gene product
(glycoprotein D), phosphornyiated and total elF-2a along with
B-actin protein loading controls at -iZhpi (left panel} and
24hpi({right panel).

human tumor cell lines tested (Shah, 2007)

Summary and Analysis {A18 cont'd.)

In the Alamar Blue assay of cell
viability, all viruses were somewhat
effective against A18 (Figure 27 A).

Western blot analysis of the mutant
viruses on A18 (Figure 27B) demonstrate
decreased gD production in G207 and to
some degree M002 and M032 infected
cell samples. As expected, the greatest
phosphorylation of elF 2a,was seen in
G207, followed by MO032 and MOOZ,
although these were not drastically
different from R7020 and C134. By 24
hpi the greatest gD accumulation
occurred in the M2001, R7020, and C134
infected cells. Consistent with the gD
findings, less p-elF2a is detected in the
M2001, R7020 and C134 infected
samples.

Conclusion The A18 cell line
will be one of the 2 sensitive murine
MPNST cell- lines that we will use in
future studies because it shows a greater
differential effect on Ay434.5 replication.

The C134 recombinant differs from iis

parent virus (C101) in this cell line and is
capable of maintaining Iate viral protein
synthesis and precludes PKR mediated
shutaff similar to that shown in other
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Summary and Analysis (A599.)

The A599 MPNST cell line is
sensitive to cHSV replication. M2001
produces 107 pfu in multistep replication
assays (Figure 28A). M032 and M002
generate a similar amount of virus at 48
and 72h post infection as M2001. C134
initially replicates well in this cell line but
over the next 48h of infection replication
declines and the chimeric HSV replicates
sirmilar to its Ay,34.5 parent virus C101. It
is interesting that C134 infected celis
appear pyknotic in CPE studies at low
and high MOl and have a different
appearance than the other Ay,34.5 and

R7020 GHO7 MOOY MO3IZ €133 CloL M2001

w AMOI=10, 240pi

Figure 28: Composite of A598 mirine MPNST cell Ene in vitro studies.

A. Multistep Replicatiocn Study using a low multiplicity of infection (MOI: 0.1
plaque fomning uniticell) (PFUIcell). Viral recovery data shown at 247 48/ 72hpi
with standard deviation (5D). B. Photomicrographs demonstrate cytopathic
affect (CPE)} in multistep replication study (24hpl) for all cHSVs tested on
A589 cells (100X mag). €. Single-step replication study using a high MOI (10
PFU/cell}. viral recovery data (24hpi) shown with SD. D. Photomicrographs of
cytopathic effect at high MO! for all cHSVs tested on A539 cells {(density of
1.5e5 cellsiweli 100X magnification).

28D). In single step replication assay,
M032 and MOO2 performed similarly to
M2001, while R7020 and G207
performed less well (Figure 28C).

the M2001 infected cells (Figure 28Band_________
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Figure 29: Composite of T265-lucifer@ase human MPNST cell ine in vioro

studies. A. Multistep Replication Study using a low muitiplicity of infection

{MOI: 0.1 plague forming unjticell) (PFFU/call). Viral recovery data shown at24/ -

481 72hpi with standard deviation (SD). B. Photomicregraphs demonstate
cylopathic effect (CPE) in multisep replication study {24hpi} for af oHSVs
tested on T265-uc cells (100X mag). C. Single-step replication study using a
high MOI {10 PFU/cell). viral recovery datz (24hpl) shown with SD. D.
Photomicrographs of cylopathic effect at high MOI for ali oHS5Vs tested on
T265-luccells {density of 1.5e5 cellshvell108X magnification).

Summary and Analysis (T265-luc)

The T265-luc human MPNST cell line
is resistant to HSV infection. In multistep
replication studies M2001 replicates the

best followed by C134 and R7020. The
replication pattern is interesting: in the
R7020, C134, and to some extent M002
infected cells there is progressive increase
in virus replication at 24, 48 and 72hpi. In
contrast M032 and C101 show a decline in
viral recovery over the 24, 48 and 72 h
timepoints. While C134 and M032
generate similar peak viral levels they
appear to do this with a different kinetic
pattern (MO032 early and C134 late)
(Figures 29A,C)

Early cytopathic effect (Figure 29B,D) was
particularly evident in the high MOI assay.
As was seen in the Alamar blue assay
below, this was likely due {o non-
replicative killing.

Conclusion: This is an interesting cell

'Iirne that we intend to include in future

studies as a representative resistant
human cell line for future studies as
decribed in Subaim 1d.
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Figure 30: Composite of T265-lucifzrase hiuman MPNST
cell line in vige stdies. A, Alamar Blue cell viabllity
assay comparing dinical grade o0HSVs (and the non-clinical
grada eHSY M002) antilumor effect at 72hpl. B. Alamar
Blue cell viability assay comparing nonclinical grade oHSVs
G101 (Ay1 345) vs. M20071 {wi) =t 72hpi.  C.
immunestaining studies -demonstrating synthasis of [ate
gene product (glycoprotein D), phosphorylated and fotal elF-
2o along with B-actin protein loading mnfrals &t 92hp {ieft
pangl)and 24hpi {right panel).

Summary and Analysis (T265-luc cont'd.)

In the Alamar Blue assay of cell viability, all viruses
were particularly effective against T265-luc (Figure 30
AB). At the highest MOI, the viruses were extremely
effective producing about 80-100% CPE.

Woestern blot analysis of the mutant viruses on
T265-luc (Figure 30C) demonstirated decreased
production of gD, a late gene product, in M032 and to
a lesser degree, G207. As expected, the greatest
phosphorylation of elF 2a, was seen in G207, followed
by M032 and M002. R7020 and M2001 showed similar
p-elF2c staining as mock infected cells. C134
produced an intermediate level of elF2a staining
somewhere between that of the y:34.5 and MO032
infected cell samples. This interesting pattem of
elF2a phosphorylation combined with the replication
findings shown in (Figure 29), warranted further study
and thus this line was selected as one of the lines we
will study in depth.
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Figure 31: Composite of $26T-{uciferase human MPNST cell line in vitro
studies. A. Multistep Replicetion Study using a low muliipficily of infection
{(MOI: 0.1 plague farming uritcell) (PFUIcell). Viral recovery data shown at 24/
487 72hpi with standamd deviation (SD). B. Fhotomicmographs demonstrate
cylopatic effect {CPE) in mullistep replication study 24hpp for all oHSVs
tested on S26T-uc cells (100X mag). €. Single-siep replication study using a
high MOl (10 PFU/cell). viral recovery data (24hpi) shown with SD. B.
Photomicrographs of cytopathic effect at high MOI for &ll oHSVs tested on
S26T-luccells {density of 1.5e5 cellshwell: 100X magnification).

Summary and Analysis (S26T-luc)

The $26T-luc Human MPNST cell line
is highly resistant to most of the Ay,34.5
viruses tested. Wild-type HSV expressing
GFP (M2001) was capable of sustained
replication over a 72h period and generated
between 10" and 10° PFU. R7020 by 72hpi
generated virus in at 10* pfu. MO032
replicates well initially (10* pfu 24hpi) but
then declines over time (10° pfu 72hpi).
C134 replicates poorly in this human
MPNST celi lines behaving similar to the
Ay134.5 parent virus C101 (figue 31 A).

Differences in replication kinetics
between the viruses are less apparent in
single step replication assays (Figure 31C)

Early cytopathic effect was particularly
evident in the high MOl assay. (Figure
31B,D).
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Figure 32: Composite of S26T-luciferase human MPNST
cell line in viro studies. A. Alamar Blue cell viability
assay comparing dinical grade oHSVs (and the non-clnical
grade oHSV M002) antiiumor efect at 72hpi. B. Alamar
Blue call viahility assay comparing nonclinical grade oHSVs
Ci11 Ayl 345) vs. M200%1 (wt) at 72hpi. G,
Immunostaining studies demonstrating synthesis of late
gene product {glycoproiein D), phosphorylated and total elF-
2a along with B-actin protein loading confrols at 12hpi (left
panel}and24hpifright panel).

Summary and Analysis (S26T-luc cont'd.)

in the Alamar Blue assay of cell viability, all
viruses were particularly effective against S26T-
luc (Figure 32 AB). At the highest MQI, the
viruses were extremely effective producing about
65-80% CPE.

Western blot analysis of the mutant viruses on
S26T-luc (Figure 39C) demonsiraied significant
production of gD, a late gene product, by R7020,
M2001, and to a lesser extent, G207. M002,
M032, and C134 had little to no expression of gDb.
There was an interesting pattern of
phosphorylation of elF 2q, in all viruses, even
M2001.

Conclusion: The 26T-luc is an interesting cell
line that we intend to include in future studies as a
representative resistant human cell line in Subaim
1d.
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Summary and Analysis (88-14-luc)

The 88-14-luc human MPNST cell
line is resistant to H3V replication,
similar to that seen in the S26T cell
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Figure 33: Composite of 88-14-luciferasz human MPNST cellline in vitro
studies. A. Multistep Replication Study using a low multiplicity of infection
(MQI: 0.1 plague forming unitfcelly (PFU/cell). Viral recovery data shown at 247
487 72hpi with standard deviation (SD). B. Photomicrographs demonstate
cytopathic effect {CPE) in muitistep replication study {24hpi) for all oHSVs
tested on 88-14-luc cells (100X mag). C. Single-step replication study using a
high MOI (10 PFU/cel}. viral recovery data 24hpi} shown with SD. D.
Photomicrographs of eytopathic effect at high MOI for all cHSVs tested on 86-
14-luccells {density of 1.5e5 cellsinvell 100X magnification).

line shown in Figure 31. The viruses
tested exhibit different replication
patterns in muliistep replication assays
(Figure 33A). M2001, C134, and M002
increase viral replication over time
whereas G207, C101, and MO032
replication declines over the 72h
culture period. At high MOl MO032
produces as much virus as the wild-
type HSV M2001.
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Figure 34: Composite of 88-14luciferase  human

MPNST cell line in vitro studies. A Alemar Blug call
viability assay comparng clinical grade oHSVs (and the
non-clinical grade cHSY M002) antitumor effect at 72hpi. B,
Alamar Blue oell viability assay camparing nonglinical grade

oHSVs C101 {Ay? 34.5) vs. M2001 {wt) at 72hpl. C.-

Immunostaining studies demonstrating synthesis of laie
gene product {glycoprotein D), phosphorylated and total elF-
2a along with B-actin protein Inading controls at 12hoi (left
pane!) and 24hpi {right panef).

Summary and Analysis (88-14-luc cont'd.)

In the Alamar Blue assay of cell viability, all
viruses were particularly effective against S26T-luc
(Figure 34 AB). At the highest MOI, the viruses
were extremely effective producing about 65-80%
CPE.

Western blot analysis of the mutant viruses on
88-14 (Figure 34C) demonstrate significant
production of gD, a late gene product, in M2001 and
R7020. Lesser amounis were made in M002 and
M032. As expecied, the greatest phosphorylation of
elF 2a, was seen in G207, followed by M032 and
M002, although these were not drastically different
from R7020 and C134. C134 samples are
incapable of being interpreted in the western blot
studies due fo insufficient protein loading based
upan the actin staining.
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Summary and Analysis (90-8)

The 90-8 cell line exhibits
intermediate sensitivity fo HSV
infection. M2001 replicates the
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Figure 35: Composite of 90-8 human MPNET cell Ene in viiro studies. A.
Multistep Replication Study using a low . multiplidty of infection (MQI: 0.1
plague forming uniticell) (PFU/cell). Viral recovery data shown at 24/ 48/ 72hpi
wilh standard daviation (SD). B. Photorricrographs demonstrate cytopainic
effect (CPE) in multistep replication study (24hpi) for ail cHSVs tested on 90-8
cells (100X mag). €. Singlestep replication study using a high-MO! {i0
PFU/cell). viral recovery data {24hpi} shown with SD. B. Photomicrographs of
cytopathic effect at high MOI for ail cHSVs tested on 80-8 cells (densxty of
1.5e5 cellsAwell: 100X magnification).

best. The M002, M032, R7020,
and C134 viruses replicate
similarly. The G207 and C101
virus replicate poorly in this cell
line (Figure 35 AC). All of the
viruses tested elicit early CPE,
with some present even in the low
MOI group (Figure 35 B, D)
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Figure 36: Composite of 90-8 human MPNST cell ine in
vitro studies. A, Alamar Blue cell viahility assay
comparing clinical grade sHSVs {and the non-dinical grade
oHSV M002) antitumor effect at 72hpi. B. Alamar Blue cell
viability assay comparing nondinical grade aMSWs G101
(Ay1 34.5) vs. M2001 {(wi) at 72hpi. €. Immunostaining
studies demonstrating synthesis of late gene product
(glycoprotein D), phasphorylated and total elF-2a along with
B-actin protein loading controls at 12hpi (left panel) and
24hpi(rightpanel).

Summary and Analysis (90-8 cont'd.)

In the Alamar Blue assay of cell viability,
all viruses were particularly ineffective against
90-8. These results are inconsistent with the
CPE studies (shown in Figure 36 B and D} in
which all of the viruses tested elicited
morphologic evidence of cell damage and
death.

Western blot analysis of the mutant
viruses on 90-8 (Figure 36C)} demonstrate
significant production of gD, a late gene
product, with the exception of G207, which
had minimal expression of gD. M002 and
M032 were intermediate. As expected, the
greatest phosphorylation of elF 2, was seen
in G207, followed by M032 and M002.
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Figure 37: Composite of YST-1 human MPNST cell line in vitro shixiies.
A. Single-step replication study using a high MOI (10 PFU/cell). viral recovery
data (24hpl} shown with SD. D. Pholomicrographs of cylupathic effect 2t high
MO! for all oHSVs lested on YST-1 cells {(density of 1.565 calisiwall 100X
magnfication). C. Imrunastaining studies demonstraing synthesis of late
gena product (glycopiotein D), phesphorylated and total elF-2a along with B-
actin protein Ioading contrals at 12hpi {left panel)and 24hpi (rght panel.

Summary and Analysis (YST-1)

Human MPNST cell line YST-1 was
sensitive to viral replication and cytopathic
effects as shown in the accompanying
figures. In the single step replication assay,
all viruses were able to replicate, producing
at least 1 x 10° pfu, with C134 resembling
wild-type virus at 1 x 107. This virus
statistically replicated superiorly to C101
(Figure 37A).

in terms of cytopathic effects (37B) all
viruses cytopathic effects at high MOL. This
cell line this was categorized as sensitive.

Western blot analysis of the mutant viruses
on YST-1 (Figure 37C) demonstrate
significant production of gD, a late gene
product, with the exception of G207, which
had moderate expression of gD, along with
MO032. As expected, the greatest
phosphorylation of elF 2a,was seen in
G207, and M032 and M002, fcllowed by
R7020 and C134.

Conclusion: YST-1 represents a human

MPNST cell line allows the replication of all of our viral mutants under study and is sensitive to the

virus as a cytotoxic agent.
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Figwe 38: Composite of NMS2PC munsn SEPHST cefd @ne &1 vizs
studies. A. Muitistep Replication Study using 2 fow multipliciy of infection
(MOL: 0.1 plaque forming uritcall} (PFU/fceli). Viral recovery date shown at 244
48/ 72hpt with stancaad deviation (SD). B. Photomiciographs derionstate
Cytopathic effect (CPE) in multistep replication siudy @24hpi) for alf oHSVs

tested on NMS2PC cells (300Xmag). C. Singiz-step réplication study vsing a-
high MOl (10 PFU/celi). viral recovery dalz (24hpl) shown wi SD. L

Fhotormicrographs of cytupathic effect at-high MOl for.all oHSVE tested on
NMS2PC celis (densily of 1.5e5 cellsivell: 160X magnification). :

Summary and Analysis (NMS2PC)

Human MPNST cell line NMS2PC
was__in._general._sensitive . to  viral
replication and cytopathic effects as
shown in the accompanying figures.
In the multistep replication assay, no
viruses reached to 1 x 107 pfu, with
MO002, M032, and C134 reaching or
exceeding 1 x 10° pfu (Figure 38A). In
the single step replication assay, all
viruses were likewise intact for
replication, replicating to at least 5 x
10° pfu, with M002 and MO032
resembling wild-type virus at 1 x 10°
pfu.  These same 3 viruses
statistically replicated superiorly to
G207, C101, and R7020 (Figure
38C).

In terms of cytopathic effects
(Figure 38B,D) all viruses produced
some early cytopathic effect at both
low and high MOI, although not to the
degree of the line 5462,

Conclusion: NMS2PC represents
a human MPNST cell line that both
allows the replication of all of our viral
mutants under study and is more
sensilive to the virus as a cytotoxic
agent than most other human lines.
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Figure 39 Composite of NMS2PC human MPNST cell
ling in vitro studies. A. Alamar Blue cell viability assay
comparing clinical grade oHSVs {and the non-dinical grade
oHSV M0G02) antitumor effect at 72hpi. B. Alamar Blue cell
viabllity assay comparing nondinical grade oHSVs C101
(&y1 34.5) vs. M2001 (wt) at 72hpi. C. Immunostalining

studies demonsirating synthesls of late gene product -

(glycoprotein D), phosphorylated and total elF-2a along with
B-actin protein loading controls at 12hpi (left panel) and
Z24hpi{rightpanel).

Summary and Analysis (NMS2PC cont'd.)

In the Alamar Blue assay of cell viability, all
viruses were particularly ineffective against
NMS2PC, even M2001 (Figure 39 AB). At the
highest MOI, the viruses were minimally effective
producing about 20% CPE, except for C134.

Western blot analysis of the mutant viruses
on NMS2PC (Figure 39C) demonstrate
significant production of gD, a late gene product,
with the exception of G207, which had minimal
expression of gD. As expected, the greatest
phosphorylation of elF 2«,was seen in G207,
followed by M032 and MO002, although these
were not drastically different from R7020 and
C134.

This interesting pattern of phosphorylation of
el 2a, combined with the replication findings
above, warranted further study and thus this line
was selected as one of the lines we will study in
depth.
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Figure 40: Compaosite of §462 human MPNST cell ne in vitro studies.
A. Muitistep Replication Study using a low multiplicity of infection (MOI: 0.1
plaque forming unitfcel) (PFU/cell). Viral recovery data shown at 247 48¢ T2hpi
with standard deviation (SD). B. Photomicrographs demonstrate cytopathic
effect (CPE) In multistep replication study (24hpi) for al oHSVs tested on
5462 cells (100X mag). C. Single-step replication study using a high MOI (10
PFU/cell). viral recovery data (24hpi) shown with SD. D. Photomicrographs of
cytopathic effect at high MOI for all oHSVs tested on 5462 cells (density of
1.5eb cellshwell: 100X magnification).

particularly well in this line.

Summary and Analysis (S462)

Human MPNST cell line S462
was in general favorabie for viral
replication and cytopathic effects
as shown in the accompanying
figures. In the multistep replication
assay, all viruses reached to at
least 1 x 10° pfu, with MO0O2,
MO32, and C134 reaching or
exceeding 1 x 107 pfu (Figure
40A). In the single step replication
assay, all viruses replicated to at
least 5 x 10° pfu, with M002 and
M032 resembling wild-typ virus at
1 x 10°. These same 3 viruses
statistically replicated superiorly to
G207, C101, and R7020 (Figure
40C).

In terms of cytopathic effects
(40B,D) all viruses except R7020
and G207 produced significant
cytopathic effects when low MO!
was used, and all viruses
produced cytopathic effects at
high MOI. This cell line this was
categorized as sensifive

Conclusion: S462 represents
a human MPNST cell line that
both highly  supports  the
replication of all of our viral
mutants under study and is
uniformly sensitive to the virus as
a cytotoxic agent. Viral mutants
MO002 and M032, and to a lesser
degree, C134, replicated




Summary and Analysis (S462 cont'd.)

In the Alamar Blue assay of cell viability
(Figure 41A), R7020 was particularly
ineffective against S462 when compared to

Al Alamar Blue: 5462 calls 72hpi (164 calis/well}
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Figure 41: Compaosite of 5462 human MPNST cell line in
vitro studies. A. Alamar Blue cell viability assay
comparing ¢linical grade sHSVs {and the non-dinical grade
oHSY M002} anftumor effect at 72hpi. B. Immunostaining
studies demenstrating synthesis of Jate gene product
(glycoprotein D), phosphenylated and total elF-2a along with
B-aclin proiein loading controls zt 12hpi (left panel) and
24hpi(rightpanel).

M2001. M002 performed relatively well, with
the other viruses performing at an
intermediate level. Of note, some viruses
appeared to perform better at lower MOI;
this is an artifact of performing the analysis
at 72 hours, since higher MOls produce an
initial round of cell killing but allow regrowth
of cells in a relatively low virus environment.

Western blot analysis of the mutant
viruses on S462 (Figure 41B) demonstrate
significant production of gD, a late gene
product, with relative phosphorylation of elF
20, except in M2001, R7020; C134 as well
shows these  findings at 24
hpi. Interestingly, C134 shows modest
activation at 12 hours, lessening at 24,

Conclusion This interesting pattern of
phosphorylation of elF 2w, combined with
the replication findings above, warranted
further study and thus this line was selected
as one of the lines we will study in depth.
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Figure 42: Composite of H5 PSS human MPNSY ceil #ne in vitro stikdies.

A, Single-step replication study using a high MQI {10 PFU/cel). viral recovery
data (24hpi) shown with SD. D. Photomicrographs of cytopathic effect at high
MOl for ali oHS\.fs tested on HS-FSS wells (density of 1.5e5 cellsived:100X

magnification).
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Summary and Analysis (HS-PSS)

Human MPNST cell line HS-PSS
was in general favorable for viral
replication and cytopathic effects as
shown in the accompanying figures.
All viruses in the single step
replication assay replicated to at
least 5 x 10° pfu, with M002, M032
and C134 all approaching wild-typ
virus at >5 x 10°. These same 3
viruses statisticaliy replicated
superiorly to G207, C101, and R7020
(Figure 42A).

In terms of cytopathic effects
(42B) all viruses produced significant
cytopathic effects when high MO
was used. This cell line this was
categorized as uniformly sensitive.

Conclusion: HS-PSS represents

a human MPNST cell line that both highly supports the replication of all of our viral mutants under
study and is uniformly sensitive to the virus as a cytotoxic agent. Viral mutants M002, M032, and
€134 replicated particuiarly well in this line.




SubTask 1d. Correlate the data in the described experiments to identify oHSV-sensitive and
oHSV-resistant MPNSTs and sglect 2 of each to study in the subsequent experiments.

Status: We have chosen representative HSV sensitive and resistant human and murine cell lines and are

proceeding with studies involving these:.

Human HSV Sensitive cell lines: (S462 and NMS2PC)
Human H8V-Resistant cell lines (T265-luc and $26T-luc)
Murine HSV Sensitive cell lines (A18 and 231 Trig)
Murine HSV Resistant cell lines (A382 and A202)

Based upon our preliminary analysis summarized for Figures 5-42, we have numerous MPNST cell lines
{murine and human) available that will provide us with interesting scientific questions. In the event that
we experience unanticipated pitfalls with the above cell lines, we have other candidate cell lines that we
can use as a substitute for future studies.

SubTask 1e. Correlate the expression of alternative molecules on oHSV-resistant MPNSTs
with the potential to engineer oHSVs that can utilize these receptors to enter ceils that resist

HMSV entry.

Status: Our data show that
even in HSV-resistant lines, the virus
is capable of entry and replication. We
are currently examining (as described
in Subtask 1b) if the abundance of the
HSV-entry molecule {nectin 1) alters
viral entry and replication. These
studies will identify if viral cell entry is
the principal impediment to efficient
viral replication or whether other viral
functions (gene expression, protein
synthesis, DNA replication, virus
assembly, or egress) occurring after
viral entry are suppressed by celiular
antiviral responses leading to lower
viral replication. Preliminary resulis
suggest that the overexpression of
nectin 1 can produce a small but
reproducible improvement in viral
recovery in one cell line but has no
effect in the other cell line tested thus
far (Figure 43).
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Figure 43 M2001 viral recovery following nectin-1 {N1) or mCherry {C12) transduction
in 526T-luc and T265-luc. There Is a statistically significant difference in M2001
replication in the T285-luc nectin-1 overexpressing cell line. The virus recovery
difference is small (state the number) and below the threshold (1/2 log) usually seen
for bislogically significant replication differences In in vitro replication assays. Nectin 1
overexpression did not result in a significant difference in viral recovery in the 5267 eall
line.

Task 2: Establish the most effective means of enhancing virus replication by modifying a HSV-

resistant phenotype.

SubTask 2a. In Aim 2, we will test two different engineering solutions to enhance the
expression of HSV “late genes” in both oHSV-sensitive and —resistant MPNST cell lines. We
will use a combination of classical virology methods (plaque-titering at 24hr-intervals boost
infection; single-step & multi-step replication assays) and FACS monitoring the extent and
time course of oHSYV infection based on expression of eGFP and other fluorescent markers

by FACS assays




Status: These studies are commencing. We are
focusing on the prototypical resistant and sensitive cell
lines chosen for future studies. We are also investigating
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if the abundance of HSV entry receptor expression alters 60 - S26T-luc Chemy
infection and spread in these cell lines (Figure 44). &
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kinase (MEK) will result in an increase in
HSV late gene expression, higher HSV

particle production and cytotoxicity.

Figure 44: Summary of M2001 GFP Expression in $26T-
Luc and in Nectin-1 overexpressing $26T-luc cells. These
preliminary studies suggest that at low MOl the
ovarexpression of nectin-1 may facilitate H5V spread.

Status: We have discovered two new and unexpected findings that will be pursued in follow up

studies. The first novel discovery is that both of the
IL-12 expressing Ay434.5 viruses, M002 and M032,
are capable of late viral protein synthesis that
surpasses that of other Ay,34.5 viruses tested (C101
and G207) and can replicate as well as wild-type
HSV in the MPNST tumor cells tested. However,
unlike wild-type HSV or the two recombinants,
R7020 and C134, the IL-12 expressing Ay,34.5
viruses do not contain PKR-evasion genes. This is
shown in Figure 45 Panel A, that M002 and M032
are unable to block PKR-mediated phosphoryiation
of elF-2c (Figure 45 Panel A p-elF2a
immunostaining panel) This suggests that in the
MPNST tumor cells the M002 and M032 oHSVs
encode an alternative mechanism to allow late viral
protein synthesis that differs from that of the C134
and R7020. There are two possible explanations: (i)
either the expression of IL-12 enhances virus
translation in the infected MPNST cell lines or (i) that
the M002 and M032 recombinants contain secondary
mutations that enhance viral protein translation
independent of elF-2 regulation of translation
initiation. Efforts are currently underway to identify
genetic differences between the M002/M032
recombinants and the parent Ay,34.5 recombinant
used to construct the IL-12 expressing viruses.
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Figure 45 Composite of immunostaining studies and oHSV
replication in two MPNST cell lines. M002 /M032 replication
is not limited by elF2u translational arrest . €134 is capable of
evading translational arrest in some MPNST cell lines (e.g 90-
8) but in others (e.g B76) it is subject to PKR regulation and
replicates similar to Ay,34.5 HSVs (C101, G207}
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The second novel finding is that certain MPNST celi lines restrict C134 late viral protein synthesis
and replication. Preliminary studies show that in most of the MPNST cell lines, C134 is capable of PKR-
evasion and replicates similar to the y,34.5 containing viruses (R7020 and M2001). This is consistent with
our prior studies in glioma tumors (Shah 2007). However, in select MPNST cell lines, C134 is unable to
evade PKR-mediated translational arrest and its replication is restricted similarly to that seen with Ay,34.5
virus (G207 and C101). This divergent late protein synthesis phenotype is summarized using 2 of the
MPNST cell lines shown in Figure 45. In the Human MPNST 90-8 cell line, C134 is capable of evading
translational arrest based upon decrease in elF-2a phosphorylation and increase in glycoprotein D
expression in the C134 infected cells. In this cell line the Ay,34.5 cell lines, G207, M002, and M032 induce
phosphorylation of elF-2a and produce less glycoprotein D (a late HSV gene) than the recombinants



-

expressing PKR-evasion genes (M2001, R7020, and C134). This ability to synthesize late viral proteins also
correlates with improved viral replication for the C134 recombinant. In contrast to the 90-8 cell line, the
mouse B76 MPNST cell line activated elF-2a after infection by Ay(34.5 oHSVs and chimeric C134, as
indicated by its phosphorylation. Consonant with this, the synthesis of late gene product gD was
downregulated in the Ay,34.5 and C134 viruses and the recovery of infectious C134 virus assayed by
plague-forming ability was decreased to levels equivalent to that seen with the 3 Ay,34.5 oHSVs. These cell
lines will provide valuable tools for further characterization of the mechanism by which C134 and specifically
the IRS1 gene targets PKR and the translational machinery. This work may in turn allow improved efficacy
of C134 when ultimately tested in clinical trials.

SubTask 2c. Determine the ability of HSV-mediated expression of a human
cytomegalovirus gene, IRS-1, that promotes late gene expression in CMV, to increase ocHSV
late gene expression, higher HSV particle production and MPNST cytotoxicity.

Status: These studies are near completion and as shown in Figures 5-42, We have tested if HCMV
IRS1 expression improves Ay,34.5 replication. The resuits show that in numerous MPNST cell lines (B86,
231-Trig, A18, T265-luc, 90-8, YST-1, and S462), C134 (Ay,34.5, IRS1) replicates better than Ay,34.5 virus
or the cell line supports efficient late viral protein synthesis for all viruses. In many of these cell lines, the
improved C134 replication correlates with improved late viral gene expression (e.g. gD expression) and
PKR evasion (relative absence of p-elF2a) when compared to Ay;34.5 virus. In contrast, i in other cell lines
(A387, A202, B91, B96, BO7, B109, A292, A390, A391, B76, and S26T-luc) IRS1 expression does not
benefit the virus leading to similar replication as a Ay,34.5 virus.

SubTask 2d. Examine the impact of p38MAPK activation in MPNST tumors to have a
positive or negative impact on the ability of these engineered oHSVs to display greater
replication and oncolysis.

Status: See explanation in SubTask 2e. Based on our observations, these two tasks do not seem
to be critical to the development of more effective oHSVs for treatment of MPNSTs and consequently will be
deleted.

SubTask 2e. Correlate and compare the data sets obtained from the studies in oHSV-
sensitive and —resistant MPNSTs using the caMEK viruses (R2660, R2636) and the IRS-1
viruses (C134, C154).

Status: One of the possible solutions to the issue of poor replication is the level of Mitogen-Activated
Protein Kinase activation (phosphorylation), which is perceived as important for optimum late virus gene
expression and optimum downregulation of PKR activation preventing elF2a activation which would shut-off
protein synthesis. A strategy has been to consider exogenous expression of an upstream mediator,
mitogen-activated protein kinase kinase (MEK 1/2). oHSVs expressing constitutively activated MEK (ca-
MEK) or dominant negative MEK are available to study this. However, our studies show that most MPNSTs
already have high levels of activated p38 MAPK and phosphorylated Erk1/Erk2, immediate downstream
targets of MEK. Thus, a strategy of trying to coordinately upregulate MEK activation to achieve greater
virus replication is likely not to be a worthwhile study. Based on our observations of elevated MEK with
several MPNSTs, we are no longer considering that ca-MEK oHSV would be an effective strategy, uniess
we discover MPNSTSs that would not already have phosphorylation of MEK.

SubTask 2f. Select the most appropriate (set of) oHSV virus(es) to advance to preciinical in
vivo studies with human and mouse MPNSTSs.

Status: Several studies remain to be completed before the candidate oHSVs can be appropriately
selected. Preliminarily, we believe both M032 and C134 will prove to be the most atiractive candidates.
Once we have completed our evaluation of our panels of MPNSTs with regard to virus infectivity, virus
replication and capacity of our experimental and clinical candidate HSVs to produce an oncolytic effect in




vitro, we will be able to select the most appropriate MPNST lines to use in our heterotopic and arthotopic
models to evaluate the in vivo effects. In essence, the xenogeneic models with human tumors in
immunocompromised mice will permit evaluation of the 3 clinical candidate viruses. In our syngeneic
mouse models in immunocompetent mice, we will also be able to assess anti-tumor efficacy as it is affected
by the host immune response. These studies are the basis of Milestone 4.

Task 3: Validate the ability of selected oHSV to produce an oncolytic anti-MPNST effect in
established tumors in mouse models and quantify the capacity of a low dose of radiation to
enhance this anti-tumor effect.

Status: None of the animal studies have been initiated since selection of the appropriate prototypic
model tumors for these studies is still pending. We need a much more complete picture that was to be
provided by the first 3 tasks to make an informed decision regarding the design of these animal studies.
With a significant portion of the data in hand, we expect that we will be able to begin the studies associated
with the Milestone during the second year of funding.

SubTask 3a. Tumor cells growing in vivo often display significant biologic differences from
those growing in vitro. The first subtask will be to establish a baseline of the ability of cHSVs
to infect and kill human or mouse MPNST cell lines transplanted into appropriate host mouse
strains. The ability of generic Ay;34.5 HSV (G207, NV1070) to produce an antitumor effect
as observed in Task 1c in vitro will be determined by direct injection of bicluminescence-
enabled human or mouse MPNSTs placed in an orthotopic location (sciatic nerve). Both
oHSV-sensitive and oHSV-resistant MPNSTs will be compared.

Status: We have not initiated these experiments

SubTask 3hb, Compare the abilities of selected oHSVs (e.g., M002, C134, R2660, etc) from
previous studies to produce an enhanced anti-MPNST effect compared to that of the generic
viruses. Oncolysis of orthotopically-placed oHSV-sensitive and oHSV-resistant MPNSTs will
be compared.

Status: We have not initiated these experiments.

SubTask 3c. Determine whether or not a single low dose of radiation (2-5Gy) delivered to
the tumor within 24 hrs of injection of selected oHSVs enhances the replication and spread of
the virus yielding an enhanced anti-MPNST effect. Irradiation has a more pronounced and
sometimes paradoxical effect in vivo than it does in vitro and thus, irradiation effects will not
be explored in vitro.

Status: We have not initiated these experiments.

SubTask 3d. Compare and correlate the findings from these sub-tasks to select the most
likely combination of oHSV and adjunctive therapy that will be most effective oncolytic, anti-
MPNST modality for human or mouse MPNSTs transplanted orthotopically and test this
combination in the Py-GGFB3 x Elux mouse against MPNST tumors that arise sporadically
and spontaneously.

Status: We have not obtained sufficient data to be able to complete this subtask.

SubTask 3e. Review the entire data set to design studies that will be able to validate the
selected oHSV with or without adjunctive therapy that can be advanced to a Phase [/l
clinical trial to test the safety, identify unanticipated toxicities and establish preliminary
evidence of efficacy in patients with MPNST.

Status: We have not obtained sufficient data to be able to complete this subtask.




